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Abstract

SARS-CoV-2 infection in children often occurs in an asymptomatic and/or paucisymptomatic manner. However, a multisystem

inflammatory syndrome (MIS-C) may occur in the 4-6 weeks following the infection. This syndrome is triggered by the release of
cytokines, due to an abnormal immune response to the infection. The recent literature described the different clinical spectrum

and phenotypic features of MIS-C, but there are few data about the characteristics of the syndrome after clinical recovery phase.

The description of three cases of post-SARS-CoV-2 infection syndrome in children aims to providing evidence of the relevant
Jfollow-up phase, besides the onset symptoms and the clinical course. In two cases, the onset clinical symptoms were similar to
Kawasaki syndrome, while in the third one neurological impairment was prevalent. No association with gastrointestinal symptoms

was found, while the increase in the inflammation and phlogosis indices was constant. Cardiac involvement was never reported,

despite the positivity of myocardial distress markers, while the lung ultrasound showed signs of interstitial disease, even though

there were no clinical respiratory signs. In all cases, the course was benign with improvement of clinical conditions within about
5 days and normalization of phlogosis indices and lung involvement after about 30 days from the onset. The lipid profile at onset
was characterized by an increase in triglyceride levels, thus suggesting a relation with the inflammation indices, followed by an

increase in the total cholesterol - probably related to the immune response - after the clinical healing phase, contrary to what

has been stated by the current literature.
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Introduction

SARS-CoV-2 infection in children, unlike in adults, often occurs
in an asymptomatic and/or paucisymptomatic manner. However,
in some cases, a multisystem inflammatory syndrome (MIS-C)
may occur in the 4-6 weeks following the infection [1, 2]. This
syndrome, described both in the USA and in Europe, roughly
occurs in 0,6% of all Covid-19 infection cases in patients with
an average age of 8,6 years (from 3 months to 20 years old)
and is triggered by the release of cytokines, due to an abnormal
immune response to the infection [3, 4]. MIS-C is defined by
the presence of persistent fever associated with gastrointestinal
and/or respiratory symptoms, mucocutaneous manifestations,
inflammation and organ dysfunction and evidence of past or recent
Covid-19 infection, excluding other microbial causes. It overlaps
with other inflammatory diseases like Kawasaki syndrome (KS)
or toxic shock syndrome and has some similar features. Its course
is potentially severe, but the mortality rate is low (2%) [5]. The
American College of Rheumatology (ACR) [6] recommends the
use of intravenous immunoglobulins (IVIg) and/or high-dose
of corticosteroids as first-line treatment; about 30% of patients

can also require an immunomodulatory therapy in order to keep
the inflammation under control. Other therapies that have been
used include the second dose of IVIg, anakinra, tocilizumab and
infliximab [7, 8].

Although the clinical spectrum, the phenotypic features and the
treatment of MIS-C have been extensively described, there are few
data about the characteristics of this syndrome after the clinical
recovery phase. The description of these three cases of post-SARS-
CoV-2 infection syndrome in children aims to providing evidence
of the relevant follow-up phase, besides the onset symptoms and
the clinical course.

Case Reports

Case 1: 14-month-old child with negative past medical history
and normal weight-for-stature growth, hospitalized for 5 days for
hyperpyrexia with highest peaks of 39,7°C and poor response to
common antipyretic therapies, asthenia and feeding difficulties.
The child was in fair general condition, vigilant and responsive,
with fever without signs of meningeal irritation, skin pallor,
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pharyngeal hyperemia with fibrin deposition on the right tonsil.
During the hours straight after the hospitalization, he showed
extreme drowsiness together with slight neck rigidity and
photophobia. Therefore, a computerized axial tomography of the
brain and brainstem and an examination of the fundus oculi were
performed and both of them were normal. The lumbar puncture
for CSF examination wasn’t performed, as the symptoms of
meningism disappeared rapidly and general health conditions
improved. Blood chemistry tests revealed lymphocytopenia, an
increase in phlogosis and inflammation indices, an impressive
growth of triglyceride levels as well as the total cholesterol value,
while HDL and LDL were normal. The nasopharyngeal swab for
SARS-COV-2 was negative, but IgM and IgG antiSARS-COV-2
(IgG>IgM) were observed. Among the instrumental examinations,
the chest X-ray, the ECG and the echocardiogram were normal,
while the lung ultrasound showed signs of interstitial disease in
the left parasternal site. An antibiotic therapy with Ceftriaxone
(100mg/kg/day iv) and cortisone therapy with Methylprednisolone
(1mg/kg/day iv) were performed for 5 days, with the progressive
improvement of the general clinical conditions and the symptoms
resolution within 4-5 days upon entry. After 1 month, the
hematochemical parameters normalized - except for the increase
of IgG for SARS-COV2 by 50% and the increase of the total
cholesterol value — as well as the instrumental ones.

Case 2: 3-years and 11-months old child with negative past
medical history and normal weight-forstature growth, hospitalized
for hyperpyrexia over 4 days with poor response to common
antipyretic therapies and antibiotics as macrolides. The patient was
in bad general condition with fever without signs of meningeal
irritation. He showed signs of conjunctival hyperemia with
cheilitis, pharyngeal hyperemia, appearance of maculo-papular
rash in the supraorbital and pretibial region, as well as cheeks, back,
palm and soles, lateral cervical and retronucal lymphadenopathy.
Blood chemistry tests revealed lymphocytopenia associated with
thrombocytopenia, an increase in phlogosis and inflammation
indices, as well as triglyceride levels, while the total cholesterol
value, HDL and LDL were normal. The nasopharyngeal swab
for SARS-COV-2 was negative, while the serology was positive
(IgG>IgM). The chest X-ray and the cardiac instrumental
assessment were normal, while the lung ultrasound showed signs
of interstitial disease in the left parasternal site. An antibiotic
therapy with Ceftriaxone (100mg/kg/day iv) and cortisone therapy
with Methylprednisolone (Img/kg/day iv) were performed for 5
days, together with intravenous immunoglobulins (1g/kg/day iv)
for 2 days.

The general clinical conditions progressively improved and after
about 5 days from admission there was a complete resolution of
symptoms and the normalization of the instrumental examinations
and of hematochemical parameters, except for the increase of the
total cholesterol value and of the IgG for SARS-COV2 by 50%.

Case 3: 1-year and 6-months-old child with negative past medical

history and normal weight-forstature growth, hospitalized for fever
over 5 days with poor response to common antipyretic therapies
associated with cough. He was vigilant and responsive with fair
general clinical conditions and he had fever without signs of
meningeal irritation. Moreover, he showed conjunctival hyperemia
with cheilitis, maculo-papular rash on the trunk and back of the
feet and sour vesicular murmur widespread on chest auscultation.
Blood chemistry tests revealed lymphocytopenia, an increase in
phlogosis and inflammation indices, as well as triglyceride levels,
while the total cholesterol value, HDL and LDL were normal. The
nasopharyngeal swab for SARS-COV-2 was negative, while the
serology test was positive for SARSCOV-2 (IgG>IgM). The lung
ultrasound showed signs of interstitial disease in the parasternal
site bilaterally, while the chest X-ray, the ECG and echocardiogram
were normal. An antibiotic therapy with Ceftriaxone (100mg/kg/
day iv) and a cortisone therapy with Methylprednisolone (1mg/
kg/day iv) were performed for 5 days, with the progressive
improvement of the general clinical conditions and blood tests,
except for the increase of total cholesterol value and of IgG for
SARS-COV-2 by more than 50% after 4-5 days upon entry.

Results

Table 1 shows the clinical signs at the onset for each case exposed.
The common denominator is persistent fever associated, in case
1 with neurological impairment and in case 2 and in case 3, with
Kawasaki syndrome-like symptoms; in no case there are
gastrointestinal symptoms. As shown in Table 2, in all cases there
is lymphocytopenia, an increase in phlogosis indices and ferritin
levels and only in one case there is thrombocytopenia; the lipid
profile shows a significant increase in triglyceride levels with
normal total cholesterol values, as well as high density lipoprotein
(HDL) and low-density lipoprotein (LDL). The nasopharyngeal
swab for SARS-COV-2 was negative in all 3 cases, with positive
serology to SARS-COV-2 both for IgM and IgG (IgG>IgM).
In none of the three cases there were alterations in cardiac
conduction, morphology and/or dynamics or any coronary lesions,
nor there were lung lesions reported during the chest X-ray, while
the lung ultrasound revealed signs of interstitial disease in the left
parasternal site in case 1 and 2, and bilaterally in case 3. All 3 cases
were treated with intravenous antibiotic and cortisone therapys;
only in one case, such treatment was associated with intravenous
immunoglobulins ev. In all cases, the course was benign with
resolution of the symptoms detected upon admission within 4-5
days and normalization of both hemato chemical and instrumental
parameters after about 1 month, associated to the increase by 50%
of the IgG values revealed by the SARS-COV-2 serology test.
Table 3 shows the lipid profile after 15 days from the onset, which
highlights the reduction of triglyceride levels and increase of the
total cholesterol value.
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Table 1: Clinical signs at admission in the three cases

Case 1 Case 2 Case 3
Fever YES [maximum value: 39,5°C; | YES [maximum value:38,5°C; | YES [maximum value: 39°C;range:
range: every 4 hours; duration: 4 | range: every 7 hours; duration: 5 | every 6 hours; duration: 5 days]
days] days]
Lymphadenopathy NO YES NO
Features KS like NO YES YES
Aspecific rash NO YES YES
Upper respiratory tract infection | NO NO YES
Cardiac symptoms YES YES YES
Gastrointestinal symptoms NO NO NO
Neurologic symptoms YES NO NO
KS = Kawasaki syndrome
Table 2: Lab tests upon admission in the three cases
Values Case 1 (n.v.) Values Case 2 (n.v.) Values Case 3 (n.v.)
CRP mg/dl 11,78 (0-0,5) 6,75 (0-0,5) 15,61 (0-0,5)
Procalcitonin (ng/ml) 0,4 (0-0,5) 0,8 (0-0,5) 54 (0-0,5)
BNP (pg/ml) 18416 (0-125) 6236 (0-125) 5286 (0-125)
Troponine (ng/L) 0,8 (0-17,5) 40,9 (0-17,5) 6,4 (0-17,5)
D-Dimer (mg/L) 1,55 (0-0,5) 1.69 (0-0,5) 7,88 (0-0,5)
IL-6 (ng/ml) 17,1 (<0,04) 21,8 (<0,04) 18,6 (<0,04)

Ferritin (ng/ml)

143 (20-200)

701 (20-200)

509 (20-200)

R.B.C. x 10°uLl

4.830 (4.200-5.500)

4.200 (4.200-5.500)

4.590 (4.200-5.500)

W.B.C. x 10°%uL

13.530 (4.000-11.000)

11.630 (4.000-11.000)

15.690 (4.000-11.000)

Hgb (g/dl) 11,7 (12-14) 11 (12-14) 11,7 (12-14)

Platelets x 10 ~3/uL 162000 (150000450000) | 92000 (150000450000) | 211000 (150000450000)
Total Cholesterol (mg/dl) | 142 (120-200) 109 (120-200) 138 (120-200)

HDL Cholesterol (mg/dl) | 17 (30-65) 18 (30-65) 8 (30-65)

LDL Cholesterol (mg/dl) | 65 (60-150) 68 (60-150) 50 (60-150)

Triglycerides (mg/dl) 299 (30-110) 226 (30-110) 400 (30-110)
Fibrinogen (mg/dl) 465 (180-360) 447 (180-360) 723 (180-360)
Lymphocytes (%) 12 (23-48) 21 (23-48) 20 (23-48)

n.v. = normal values; BNP = B-type natriuretic peptide; CRP = C-Reactive Protein;

IL-6 = Interleukin-6; R.B.C = Red Blood Cells; W.B.C = White blood cell; Hgb = Hemoglobin

Table 3: Lipids profile after 15 days from clinical recovery phase

Values Case 1 (n.v.) | Values Case 2 (n.v.) | Values Case 3 (n.v.)
Total Cholesterol (mg/dl) 265 (120-200) 236 (120-200) 199 (120-200)
HDL Cholesterol (mg/dl) 48 (30-65) 103 (30-65) 143 (30-65)
LDL Cholesterol (mg/dl) 189 (60-150) 99 (60-150) 37 (60-150)
Triglycerides (mg/dl) 139 (30-110) 171 (30-110) 95 (30-110)
n.v. = normal values
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Discussion and Conclusions

The consensus conference about PIMS (Paediatric Inflammatory
Multisystem Syndrome Temporally Associated with SARS- CoV-
2) distinguished the clinical presentation in 2 phenotypes: one
of them is similar to a Kawasaki syndrome (either complete or
incomplete), while the other one is non-specific, concerning
those children reporting shock and/or fever and gastrointestinal,
respiratory or neurological symptoms which are not matching the
KS criteria [10]. Several authors presented different aspect of post-
infection SARS-COV-2 syndrome, showing the wide variability
of the clinical and phenotypic spectrum of MIS-C. Whittaker et
al. described three different clinical patterns in 58 patients with
MIS-C: one group reported shock with fever, biochemical signs
of myocardial dysfunction that required inotropic and intensive
care support; the second group showed Kawasaki syndrome signs
according to the criteria of the American Heart Association, while
the third group had persistent fever and increase of inflammatory
markers without mucocutaneous signs of KS or organ dysfunction
[11, 12]. Taffarel et al. described two clinical cases with
cardiovascular dysfunction treated with invasive ventilation
and vasoactive support, inflammatory parameters resulting fn
laboratory tests with good response to treatments with intravenous
immunoglobulins and corticosteroids, and general favourable
course. Moreover, Licciardi F. et al. described the cases of 2
children where the SARS-Cov-2 infection lead to a Kawasaki—like
hyperinflammatory syndrome with severe diarrhea [13].

Furthermore, in the research made by Leet PY et al. the clinical
and laboratory characteristics of post-Sars-Cov-2 inflammatory
syndrome in children and the response to treatment are
retrospectively described, highlighting — besides the complete and/
or incomplete clinical manifestations of the Kawasaki syndrome
— the presence of cytokine production patterns and simultaneous
detection of cytopenia, therefore concluding that MIS-C includes
a wide range of phenotypic spectrum with clinical and laboratory
characteristics which are different from the KS and the Macrophage
Activation Syndrome (MAS) [14]. Covid-19 infection induces
an acute phase response that also leads to lipid metabolism
modification [15]. The increase in triglycerides is caused by an
increase of VLDL secretion as a result of lipolysis, by an increase
of free fatty acids hepatic synthesis and by the suppression of fatty
acids oxidation, while blood cholesterol levels in adults tend to
reduced and continue to decrease during hospitalization [16,17].
In this study, we analysed three clinical cases of MIS-C involving
children under five years of age. In two of these, the symptoms at
the onset were similar to KS, while in the third one the neurological
involvement was prevalent. No association with gastrointestinal
symptoms was found, while lymphocytopenia was constantly
present and it was associated with a short-term thrombocytopenia
only in one case. Cardiac involvement, despite the positivity of
myocardial distress markers, was never documented, while lung
ultrasound showed signs of mild interstitial disease, despite the
scarcity of respiratory clinical signs. The course was favorable in
all cases, with improvement in clinical conditions after about 5
days and normalization of phlogosis markers and lung involvement
after about 30 days from the onset of symptoms. The lipid profile

at the onset was characterised by an increase in triglyceride levels,
suggesting a relation with the inflammatory indices, followed by
an increase in the total cholesterol - probably connected to the
immune response - after the healing phase, contrary to what has
been stated by the current literature [18]. A longer follow-up is
required to clarify the relationship between the changes in the lipid
profile, the inflammatory state and the immune response.
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